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* Abstract

The Vandenberg revision of the Shepard-Metzlar m;ntal rotation test
was édﬁinistéred to 206 college stugents; Handedness: ocular dqminance{
and familial- handedness were assessed by Questionnaire. Subjecti#e reports of
perceived cognitive strategy used in solving the spatial task were alsoc col-
lected.  The anticipated suberidr performance of males on the mental Xotation
test was highly signific;nt (p=.0001i. The most common strategy employed byn
both sexes.in solving the spatial task was menta; picturiﬁg, however females
report -using significgntly more verballét¥ategies than males. Handedness, per
se, was unrelated to spatial perfofmance.but‘riéht.handed females with familial
sinistrality had lower spatial scéres than thosé with no familial sinistrality.
Unexpectedly, more females than males weré found to be left eye dominant: and

left eye dominance in females but not in males was associated with lower spatial

scores.




Introduction

~Persi§tent sex differences in spatial skills., with males showing higher
performance levels-have been reported for a wide variety of spatial tasks
inciuding map reading. spatial rotation, paper folding, chess playing. and
many ophgrs. In his extensive géview Harris (1978) reports that on many of
these tests‘Only 20-25% of the feméles reach or exceed the mean performance
levels of males, and that on some tasks. significantld;fferences appea£ ‘n Early
childhood.

Maccoby and Jacklin (1974) conclude that male superiority on .§patial s#ills:
though not univarsally found in childhood, is fairly consistent in adoleséencg_

- and adulthood, and that male ad*antage increases through the high school years

to a level 6f .40 of a standard deviation.

_Two dis;inct forms of spatial abilities areloften separated.and may rep-
resent indepeﬁdeﬁt or overlapping skills: 1) Pgrceptual (non-analytic) spatial
vigualization, including the imaginary movement of objects in‘space ( as measured

y—sugh—teéﬁs—as—Thurstcne*s—paper—fuiding—and—shépard*s—méﬂtat—rbtaEtﬁﬁ;. 27

analytic spatial orientation and the detection of spatial relations within complex

configurations (Aidden figure, Kohs, Rod and Frame test) (Harris, 1978).

Whether or not the conventional spatial tests validly measure and agcurately

- B

_distinguish between these presumably different skills remains in question. In

addition, relatively few so called spatial tests are thought. to be entirely free

of any linguistic mediation. ' There may be a wide variety of cpgniti&e étréﬁegieé_

that empioy some kind of verbal mediétion in the solution of spatial éasks(Eliot:
and Salkind, 1975).

It is possible that sex differenceé in spatial skills are in part a result
of Séx differences in cognitive stylé}bperhaps due to female developmental

precocity in verbal skills. Tapley and Bryden (1977) identified two distinct

approaches used in $0lving mental rotation tasks which they labeled visual holistic




and verbal analytic. Significantly more men than women reported usiné a visual
b

L}
H

holistic striEegy. These aduthors also found that the Paivio Imagery test (Paivio,
1971) predicts spatial performance in males but not in females.

Wi}son. Defries, McClearn, Vandenberg, Johnson and Rashad (19?5)'pr6§osed

that the magnitude cf the sex difference is particunlarly great in spatial ro-

[

tation tasks precisely because it ds very difficult to employ-verbal strategies,

thus putting females at an even greater disadvantage. The Vandenberg revision

.

of the-shepardﬂmetélar Mental Rotation Test (Vandenberg. and Kuse, 1978; Shepard

and Mgtzlér, 1971) was salected for use in this sﬁudy expressly because it

seems to produce  large and consistent sex differences across a wide age span and
because subjects report thaoi it is more difficult to solve verbally than other

spatial tests.

Recurring findings have suggested that sex differences in spatial ability

may be linked to hemispheric specialization for cognitive functions. Such measures

' of cerebral lateralization as dichotic listening and visual hemifield tests, as

L] e, —_—_ e —— — o

.différgnces do exist. though the nature of these.differepces'reﬁain'obscﬁréh

~ Handedness, as a éross measure of 1a£era1 dominanéé has been critically re-
lated ‘to spatial functioning by Levy (1969, 1975), who kostulates that both left
handers and females gxhibit spa;ial deficits because they are less well 1ateraiized.
This ig hypothesized to. result .in greater verbal processing in the right hemi-
-sphere Ghiéﬁffg_zﬁ;ﬁﬁiﬁferf;;es with or inhibits right ﬁemiséhere §patia1 functioning.

Attempts to verﬁfy Levy's nypothesis have not produced ¢lear éﬁidence of

éupport (Harris, 19?8slcarte:— Saltzman.ulé?g}.- Han&edness is not a siméle di-

chotomous dimension and degree énd pattern of familial handedness appear to be as

significant as personal handedness. For example, lesion studies show that patterns

of aphasila and recovery of speech after unilatéral damage depend not only on

ERI
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handedness but on familial handedness and sex as well McGlone andlw. Davi&son{f’
1973) . Célrter-Saltzman (1979)- repo'rts‘tha-t‘ both right and left handers who had
" at least two left handed relativeg-had higher spatial scores than those w§th
Qﬂly one Oor no familiallsinistraiity. Furthermorg, ghe cbncludes that the familial
effects were @dditive Qnd did‘not interact with,seg.“ In studies where all three -
vﬁfiabies of sex, handedness ;nd familial sinistfality have geen measured (Lake
;nd‘Bryden: 1976{ Davidson,léchwartz, Pugash and Bromfield, 1976) differences be-
tween subgroups. appear that would not dtherwise have been identified. )
‘The significanbeﬁof ocular dominance-as a manifestation ©f functional-~asym-
ﬁetry is ho£ well u;d;;;tood. Individuals consist:ntly choose one of the ;wo

monocular views that are present. Choice is ofteﬁ not conscious and they are fre-

quéntly unable to give an offhand feport—of which éye is dominant for them. _ The
. moSt. common test for éye dominance is sighting dominance: wiéh 65% of the popula=

tion classified as right eye dominant, 43% as left eye dominant. and the remaining
AT . : bl

I * ! - : . ' i -
4 —— 3% -as havingvariable dominance (Porac_and Coren, 1978). These authors conclude—

that ;here ig little evidence of sex differences in the probortion of fight and
‘left eyed sighfers.
Kimura (1569) notes however, that in all fi;e of her experimental éroups,
there were more left eyed females than left eyed males. In that sample, 19% of
.

the men and 34% of the women were classified as left eye -dominant {p& 02). Ehrlich~
_man-ilslgi also found-a'non-significant'trepd toward‘more‘left eyed females and =~
Porac And’cbrén (1975) rébort:that 53% of thé males in their'saﬁple showed consistent "
" right eye preference a&ross a nurber of tasks, as compared to dnly-38§‘§f the

females, Tp<2025§{ The purpose Of this study was to explore the extent to which

sex differénces on ;he %antal rotation testi were related to ocuiar dominaneer

handedness and familial handedness.

Methods.and Procedure

The Vandenberg adaptation of the Shepard Metzlar Mental thétion Test .(Van-




-

“denberg and Kuse, 1978) was administered to 206 college students in c¢lass or .in

. small group settings. This test consists of 20 criterion figures, cach followed

by two correct and two incorrect alternative figures, (sew Figure 1),

‘Sample

e

-Figure I: Example of items in the Vandenberg Revision of the Shepard Metzlar Mental
Rotation Test. Subjects select the two alternatives that are the same as the sample
criterion figure on the left.

=
4

The correct alternatives are identical to criterion sample but are presented

-in a rotated position. Subjects respond by selecting bbth of the correct alter~-

TT-—_"“”ﬁativéé'féf"éééﬁm&riEEEEGH'iéem:_nﬁbcordiné ;o_Vandéﬁﬁefg;; éﬁégested procedure
the test was adﬁinistered in two parts 'with five minutes aiiowed for each.
Imméaiately after finishing this task subjects'filled out a strategx
questionﬁaire, deéigned “to assess their cogﬁitive‘strategy used in solving the
spatial task. They rated on'a fivé point s&ale_the extent to which they. solved
the problems by: 1? thinking in words (taikipg to-yourself), 2)Icountiﬁg blocks,
3)’ﬁéing your hands as aids, 4) picturing in yoﬁr mind, 5) drawing. Manual

[3

dextrality was meaéured by Annett's Handedness Questionnairé (Annett:, 1§ZDi

=

_‘4‘,. -

-




-with additional questions added o a;sess familial handedness.
The following twb questions were used to measure dcular dominance and were
_adopted because of ﬁheif suitabBility for group agministrat;on:
1. When aiming at a distant targetlwhich e?e would you normally clqse?
2. Hold your pencil in a vertical position-aboﬁf 10 inches frpm your eyes.
Keep bothheyes qpeneduand line the peﬁcil up-with thg edge of the door-
way. Now close your left eye. Is the pencil still in'line with the edge
of the door?
Resulcs
Thé'expected sex difference in performance on . the mentai rotation testl
was confirn;l-e_d in this study. Males scored siqnificar-tt_ly‘higher on the number of
;téms completed, total number of correct items: number of correct pairs and % of

correct items out of the totallnumger completed (see Table 1).

MALES -~  FEMALES
Noqﬁitemg completed : 3316' . .30.0
No. correct, | 26.0 - 20.5
No. Pairs correct ‘ bl0.0- 6.9
t correct of total completed . .78% ’ 70%
—"—_"d%chrrect pairs-of total compieted-u—a--BO% L | 26% p -.29

Table 1. Sex Differences in Performance on the Mental
: Rotation Test. (The degrees of freedom for the

above analysis were 1, 204).

The stratedy questionnaire was designed to explore self-reported differences

in cognitive style used in solving the mental rotation task. Results by sex are

-

n Table II.




MALES o FEMALES - p
¥ Thinking in words (talking ’ _ : 29 )
- to ypurself) 2.87 3.31 F=3.75 .'05
_lf Counting ?éocks | ' Z.éé_ -2.80 _-‘ n.s. .
/,] Using hands as aid's-‘l" . l.aa 186 ' n.s.
L , Picturing in your mind . a.70 4.56 | n.s.
~Drawing . \ ' ,1;5; - 1.56 : n.s.

Table II. Response by sex to strategy quéstionnaire whefe'
' l=very little and S=very much (df=1,203),

e

“Both males and females indicated that the most frequently used strategy of
which they were aware was picturing iﬁ'theig minds. The oﬂly significant sex

‘difference éuppofts the popular hypothesis that females use verbal strategy more

than males. Females ;QQDrﬁed_a.greater—use—of—ﬂthinking*in‘W6rqs-€EIking to your-
gelf" whiie solving the spatial task (F=3.?5; dff1,203;-p=.05f than did méles.

_ Further énalysis of the strategy data according to dextrality revealed that |
left handeé subjects felt-thef used their hands as aids in solviné the spatiai fask
_siénif;cantli more than did right handed Eubjects (F=3.26, df=2,201, p=.04). Eye
dominanqe and familial handedness were unrélat;d to strategy responses as was spatigl

-

performance. .

Subjects were classified as right handers . left;handers, or ambidextrals
-éccqrding to the followiﬂg procedure baéed on their respdhses to Angtt‘s 12 part '
handedness questiohnaire: -

1. Right handed - if at least 9 ocut of 12 responées were 'right' or 7 were
- 'right' and at least 3 of the: remainder were in the 'either' category.

2. Left handed - if at least 9 out of 12 responses were 'left® or if 7 were .
'left' apd at least’ 3 were in the 'either category. :

- 3. Ambidextrous - if -less than 7 responses were ipn the same direction and/or
o ' the above criterion were not met. -
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The haﬂaedness,disﬁ!ibution produced by this systéﬁhof‘cahegoriggtion
was ‘80% right handédf 6.7 left hahded. and. 13.3% ambidextrous. There were no..
e . .

significant sex differences in the distribution and no relationship between
- ’ l ) v

eye dominance and handedness. h e -

-

L

-
L4

Analysis -of spatial performance'acpording to dextrality‘produced né sig- .
nificant main effects, and no sex by hand interaction. o o ' 1 v

. ' B -

The presence or absence of familial sinistrality (FS+, ES-) was assessed

- -

'by the following question: "Are there any members of yéur immediate family (those

o . * 1

related to you genetically) who write with their left hand or with gither hand?"
In response to this question 43% of our saﬁple indicatéd FS+, 50% indicated FS~,
and 7% did not know. Males with FS+ did not differ in spatial performance from

-

males with FS-. There was, however, a non-significant trend for females with FS+

' to score lower on the spatial test than females with FS- (t=1.89, p=.06).

Alqomparison of the spatial score of right hand d‘subjects with FS+ and those

‘df=1, p=.05).

with FS- showedla significant differepce between these groups ahong females‘(£=1;§9:
pQ.OSJ, But not among,males. Right handed females Qith FS+ scored lower on the
spatial test than right ﬁanded females with FS-. oﬁr left handed sample was"£oo
small to_analyzelhandedness by familial handedness. -

The two questions used to determine OCpiér dominance bo£h measured sigﬁg;ﬁg
dominance, and thus we expécted a high cpnsistency of response. Results however,
showed thaé 1/3 of tﬁe subjectsﬁgnswergd thgée-qﬁestions in opposite directions.

It seems that this inconsistency is due mainly to the complex wording of the second

questidn-and may indicate the difficulty in measuring eye dominance in a large

: group'testing situation. Chi square analysis by sex of the remaining 2/3 of the °*

sample who responded consistently to hoth sighting questions‘showéd that only 26%

of the males as compared with 45% of the females weré left eye dominant qu=3;9.

Y



r .
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Analysis of spatial performance by sex and ocular dominance revealed'a ‘sex

-y . - . ‘
by eye interaction? Analysis of the data using just those responses to“the‘f{%st;r

: - o %B-' .
qyeldégg;%hqe.quEstion,=thus including the entire 206 subjects, revealed a signifi-

cant sex x eye interaction (F=10.76, df=1,202, p=.001) according to perfofﬁanbe
* .. *e . '

-

*"  -6n‘the spatial task (see Figure Il}. Right eyedlfemalés had'higher'spatial scores

LY

A~ tQ?nﬁ;gft eyed females,

-
Ll
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Figure II: Mean Score on the Mental Rotation Test for Right and
Left Eye Dominant Males and Females. {Sex by eye interaction, F=10.76,_ "
df=1, 202, p».001)

Discussion
Thelhighly_s;gnificant sex differencé in spatial performance f9und her? is
consistent with the large ony'of 1iééra£ﬁre which ind?cates thét thisg gifféréhce'
is of substantial magnitﬁde, and fairly uhivérsal amﬁng adults. Ouf resplts also_l
sqppdrﬁ those of Vandenberg ard Kuse{ 1978) and Tapley and Bryden (1977iﬁwho fqﬁnd
”sex differences wigh this particular_menfal rotatioﬁ test. Since time pressure

was a definite factor in this test, the finding that males completed significantly

mcre items than females may imply either a difference in speed of mental rotation®

-y s

or a difference in cognitive style. Tapley and Bryden found that sex differences’

F
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in speed of reaction increiase ag the Adegree of rotation between the figures

. ingreases, which they interpret as indicating a sex difforence in specad of mental

rotatio:n.
Petersen and witt;g-(1979) note tha£ measures of résponse time may .help

Fo diffe;éptiate verbal from non-verbal cognitiv:-strategies since verbal‘normally

takes lqnger than viswal. The fact “that males gp'our*sample completed mors items

wichin the vime ﬁons£raints can be viewed as indirect evidence that they were using

. ’ : * B L3 .
a more visual approach. Males were not only faster but also mMore accurate, in-
™ ) ' I - ) . .
dicating that there 'was no speed-accuracy trade off among female subjects.

The Mental Rotation Task was expressly chosen for use. in this study because

i\

it has been described. as very dif@i&ult to solve by the use of verbal strﬁtegies.

_Even so, females reported that they, "thought in words-talked to themselvés" more

.

often than did males, Th%g finding is in agreement with the general suppositiqn

that females more often employ verbal_stiategies to solve spatial tasks. Not all

.~ tasks can be solved by using different strategies but when a task can be performed

.by either« left or right hemispheric mechanisms, Kimura {(1969) concludes that males

ﬁgﬁﬁmté-use rigﬁt hemisphere, nonverbal systems, wﬁereas females may tend to employ

left_heﬁisphére verbal qroceésés because of their more developed verbal skills.

p-1 .-,

Our findings confilrm this. In a pPost-gxperimental interview following completion

. -bﬁta mentay‘rotaﬁién task, Tapley and Bryden (1977) also found that more men than

’ r

e : . | S . . - . A
women reported usin? a visual holistic approach in contrast to a verbal analvytic
- o S f
one. C
hd ’ - ,-#_ LR
Althotigh this-sﬁrategx difference emerged butwers. the sex2:, our data 4o aot
pProvid¢ suppor®: for'the‘sugges%ioh that such diiferencec ~ould simply account for

the main effect £or sex on the spatial zotation tasy. o significant ~orrelation

] . . =

was obtained between dny item on the sﬁrategy quest ;v veairae and actual spatial

a

performapcgn. -
14 .
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Tapley gﬁd Bryden (1977):also found n> re:ationship between preferred Strategy

and accuracy of resPonée'but they did find one with rate of response for males.

Those mgles g@o rep&rted using visual strategies‘weré faster 'at mental rotation than

maleé who claimed to mix visual and verbal strategies. For females the situatﬁoﬁ

was reversed. Women wﬁo used visual strategies were slow rotators, while women

who wefe better‘verbal.imagers had high spatial scores on the Differential Aptitude.
The nature of the task ﬁay be quéte important in understanding the interplay

between verbal and visual strategies. Tuckerl(1976)f§uggests that if is predom-

inantly syn£hetic visﬁospatialnfunctions for which the fight hemisphere is specialized

in males. iucker beliéves‘;hat females use their left hemigphere in perceptual

gynthesis and thatlboth sexes rely vpon both hemispheres wheg\perceptﬁal analysis

is required. 1In a study which measured electro-co;tical activity, or?stein; John-

stone; Hefroﬁ and Swencionis (1979)’found that while other sﬁgtial tasks engage

the right hemisphe;é,_mental rotation éngaged_the left hemisphere and produced a
pattern sf activation that was similar to verbal taské. -Tﬁey conclude that tﬁe
complexity of éhé task gs a crucial factor and that whén the task becomes sufficieﬁtly
-complex, a verbal analytic strategy becomes significant regardless of whethef

_the problem is verbal or non-verbal. —

One interpretation-of these findings is that mental rotation is simply more

verbal in females than males, but not necessarily less efficient because it is

more verbai. - It may be:quiée-“natural“ for verbal processes to Jplay an important
rgle in whaé have-been lgbeled "nén-verbal" aqtivitigs, and females apéarently make
greater use of such verbal mediation. This claim'is supported not only by data
ih-normél subjects'reviewgd'above; but also by brain damagé evidence. McciOne aﬁd
Kertész (1973} found that following injury t§ the left hemispheré the degree of
language impairment is predictive of viéuospatial\disability in females but not

. in males. It should be pointed out that greater use of verbal strategies does not
necessarily ;mply left hemlsphere 1nvolvement since the rzght hem;sphere in females

has greater control ovif certazn verbal functions than does the right hemisphere 1n

4{1:3




males (McGlone, L1977).
The relationship between dextrality and spatial ability appears to be
minimal, especially in males. McKeever and VanDeventer (1977) also report no

spatial differences due to handedness within or across sex. Iﬁ their sample.

as in ours, left handed males tended to score higher spatially than right handed

males. Clearly, dextrality éione is an insufficiént predictor of spatial skill.
céntréry to-Levy’s hypothesis that left handers are likely to be less lateralized
and thus foorer at such tasks.

The presenee or absence of-ﬁamilﬁal left handedness continues to surface

as a more imbortant factor than handedness itself in explaining sex differences:

S .
since those with f;hilial sinistrality show systematically different lateralization

of cerebral function from those with none, (Hard&ck and Petrinovicb: 1977;'Davidson:
Taylor, Saron and. Stenger, 1979). Our left handed sample was too small to allow
for analysis on the basis ofﬁfamiliai_handedness, however Qur findings for righf_
hsnders indicates that the presence of familial sinistrality is associated with
low spatial scores in females but not in'males. Lake and Brgden {1976) also
repo;t that familial 1ef£ handedness has a different effect on females than males.
They found that regard1e§s of handedness, fémales with familial sinistrality showed
: less laterality in dichotic listening, whereas males with familial sinisfrality.
showed the typical pattern of right ear superiority. They conclude that handedness
as a predictor'of éar'asymme;ry is a_function of familial-sinistrality. Interes-
tingly., heritébility of handedness may he aséoc;ated with sex, since left handed
females .tend t3$2£0duée ﬁore left handed offspring'than,do left handed males
(Kaufman, 1973). 5

The relationship Betweén oculag dominance and lateral dominaﬁée-is undetermined
with “as m;nif studies concluding a low positive relationship as those that £ind

none. Here again, sex differences emerged. Both Porac and Coren (1975) and Gur

~and Gur (1977) found a positive assocliation between handedness and sighting

M -
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dominance in.males but no association bet*een these factors in females. These
authors note that the distribution of right eyed scores in their male population
showed a shift toward the extreme right in comparison with females. If the notion
of degree of eye dominance is introduced. this seems to imply that maleé show
gréater lateralization along this continuum. Again: we find the conclusion rePOItéd
_?n many studies. that females are less well lateralized. fhe Gurs explain that
while the determinants. of ocular dominance remain unknown. whatever they are,

they appear to operate in somewhat different ways in males and females.

Though a great many studies have explored cerebral 1ateralizati6n=and spafial
ability, very few have bothered to look at eye dominance. OQur results regarding
eye dominance are intriguing. Frirst they support the sporadic findings of greater
left eye dominance among females. Second: to the best of our knowledge, this
is the first time that eye dominance has been-associated with level of épatial
performance.

Aslnotgd earlier, Kimura (1969) concluded that there was a se; difference in
incidence of ief; eyedneés in her right handed population but she found no relation-
ship between ocu;ar dominance and dot location skill. why Should';eft‘eye dom~-
inance:be associated with lower spatial performance? Hayashi-and Bryden (1967)
found no-relationship between visual field superiority and sighting domirance. -Right
eyed sighters are reported however to be more consistent in their sighting pre-

ference than left eyed sighters, (Friedlandar, 1971). Perhaps this greater in-

consistency of sighting dominance somehow interferes with visuospatial processing

in females.

If it is true that females have a higher incidence of léftAeye dominance.,
and if ag has been extensively reported, more females than méles are right handed,
than a highexr percent of_femé;es woﬁld have mixed 1ate£a1ity, {(contralateral eye-
hand dominance)._ In fact: males éppearﬂmore likely to have ipsilateral eye-hand

dominance than are- females, a condition thought to be somewhat advantageous for




_certain‘typés of spatial tasks since better sensorimotor cqordinatioﬁ is
’associéted with it (Porac and Coren 1975). Mixed dominance may be associ;ted
with learning disability in children (Wold,.1968), and with differences in field
dépendency in non-patﬁologipal-samples (Dawson; 1972) . Perhaps the higher inci-
dence of mixed laterality in females is somehow related to depressed spatial
functioning and should be considered in future reséarch.
The exélanation_for_why_left efe dominance is more freque:t in females is
not entirely clear. Porac and Coren (1976) hypothesize that environmental pressure
on males to acquiré aiming and-throwing skills may result in greater ipsilateral
eye-hand dominance and thus éerhaps a higher incidence of right eyo dominance.
That socialization factors may be important is also suggested by the fact that
girls who‘view~themselvés as more masculine had better spatiai performance, and
that male gender preference is associated with superior ébatial scores in both boys
and girls (Nash, 1975). Ehrlichman (1972} reports that females with high "fem-
‘ininity" as measured by a mascuiinity—femininity scale, also tended to héve a
higher incidence of left eye dominance.
These studies indicate that highly feminine feméles have lower spatial scores
on the one hand, and a higher incidence ef left eye dominance_on the other. We
in turn found tﬁathleft eye dominance_is.;ssociated with low spatial scores. Just
" how sex role orientation relates to ocular dominancé and £o spatias ability pertéinly
merits further exploration.
Eye dominance is.aécomplex phenomenon, coﬁsisFing of seVerallindependent factors
“ineluding sighting, sensory: and‘gcuity dominance which may not be highly inter-
cdrreiated (Coren and Kaplan, 1973). ﬁe measured only one of thesé dimenéioﬁs——'
sighting domiﬁance. in additioﬁ‘ oculaf dominance is likely to vary along a con-

tinuous dimension of degree of eyedness, and our procedure did not allow fox

]

measurement of that variability. Replication using more sensitive and reliable

measures of ocular dominance are necessary to explore more precisely the relationship

between eye dominance and spatial 5bi1ity which these findings suggest may be impoftant.
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